.
INTRODUCTION
Rye (Secale cereale) is an important crop in Europe. In terms of overall global cereal production, rye shares sixth position with oats (1% each). Over 90% of rye is produced in European countries, and Poland and Germany are the leaders in rye cultivation. Rye is an important cereal in Latvia. In 2010, its total growing area was 28 400 ha, which was 5.4% of the total cereal production area in Latvia (Anonymous, 2012) . Diseases are an important risk factor that can decrease the yield.
Brown rust, synonym leaf rust (caused by Puccinia recondita f.sp. secalis Roberge ex Desmaz), is one of the most important leaf diseases of rye in Central and Eastern Europe (Miedaner et al., 2012) , including Germany (Selhorst and Hindorf, 1996) ; yield losses can reach 14-29% (Räder et al., 2007) . Occurrence of leaf rust is high in all regions where rye is produced. Rust appears in almost all growing seasons and is observed in five years out of six. Opinions are contradictory concerning resistance of cultivars. Lõiveke (1997) found that severity of brown rust does not depend on the cultivar and that all cultivars are susceptible to the disease in Estonia. Similar results were obtained in Finland: differences in resistance of cultivars were not expressed clearly: in some regions and some years they were observed, in some they were not (Serenius et al., 2005) . An opposite view is held by researchers from Poland, where hybrids are considered most susceptible to fungal pathogens compared with open pollinated cultivars (Szemplinski, Dubis, 2005) . Severity and harmfulness of the disease depend on time of infection -earlier appearance of brown rust leads to more severe yield losses.
Leaf scald is caused by Rhynchosporium secalis (Oudem.) Davis. Different names of this pathogen and different opinions about its possible hosts are mentioned in the literature. Zaffarano et al. (2011) confirmed that this species is a pathogen of rye and triticale. Leaf scald together with mildew and rust have been recognized as harmful pathogens of rye in Lithuania (Smatas and Gaurilcikiene, 2005) and Germany (Werres and Hindorf, 1993) , but in Poland it has caused only insignificant yield losses (Szemplinski and Dubis, 2005) . Researchers have found that the main factors for disease development are air temperature 15-20°C and leaf PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 67 (2013 ), No. 3 (684), pp. 259-263. DOI: 10.2478 /prolas-2013 DEVELOPMENT OF RYE LEAF DISEASES AND POSSIBILITIES FOR THEIR CONTROL Biruta Bankina*, Arta Kronberga**, Aina Kokare**, Solveiga Maïecka***, and Gunita Bimðteine* wetness. The incubation period of R. secalis can range from 10 to 16 days if conditions are favourable (Werres and Hindorf, 1991) .
Mildew caused by Blumeria graminis (DC.) Speer is recognised as an important rye disease in Lithuania and Estonia (Lõiveke, 1997; Smatas and Gaurilcikiene, 2005) .
Leaf scald, mildew and rusts are the most important diseases of rye throughout the world and also in Latvia. Damage from leaf diseases and possibilities for their control have not been investigated in Latvia.
The aim of the present investigation was to determine characteristics of rye leaf diseases, to estimate the risk of rye diseases in Latvia, and to compare various schemes of fungicide treatment which possibly might be useful for integrated disease control in rye. Soil in Stende was suitable for rye production: sod-podzolic sandy loam, loam soil and sod-podzolic gley loam. In Priekuïi, the soil type was sod-podzolic sandy loam soil, and fertility was lower (Table 1 ). All agronomic measures, including seed dressing, herbicides and fertilisation, were provided according to common practise for winter rye production in both sites of trials, but schemes of fertilisation slightly differed (Table 1) .
MATERIALS AND METHODS

Trial
Experimental design. In total 16 trials (two cultivars each year, two sites, and four years) were carried out. One-factor design with three variants of fungicide treatment were conducted: control (without fungicides), standard treatment during heading (GS 51-55), and DSS (Decision support system). Treatments according to DSS were based on the number of rainy days after beginning of stem elongation (more than seven days) and/or on the incidence (>30%) The trials were arranged in randomised blocks in four replications; plot size 20 m 2 .
Incidence and severity of diseases were determined each week. Assessments of diseases were carried out on the whole plant until GS 31, and at GS 32-69 on three upper leaves, and at later stages (after GS 69) on two upper leaves.
The area under diseases progress curve (AUDPC) was calculated to characterise impact of the disease during the vegetation season (Bankina and Turka, 2013) .
Yield was determined by direct harvesting, followed by calculations based on 14% standard moisture and 100% purity.
Significance of the differences among the yields was assessed using one-way ANOVA.
Meteorological conditions. The winter of 2008/2009 was generally favourable for rye wintering in both sites of trials. May was dry, but precipitation in June and July exceeded the long-term average. Temperature during the summer only slightly differed from the long-term average. Different conditions were observed during winter 2009/2010: the winter was favourable for overwintering of rye, but thick cover of snow and fluctuations in temperature in spring promoted development of snow mould (causal agents were not determined, but complex infection was possible). The summer of 2010 was the warmest in the history of Latvian meteorological observations and was characterised by thermal stability and high precipitation that exceeded the longterm average. The period of overwintering in 2010/2011 differed depending on the site: in Stende, conditions for rye were poor, and high incidence of snow mould was observed, but in Priekuïi, in contrast, the conditions were favourable for rye development. Spring and summer were warm, with precipitation close to the long-term average. In 2011/2012, winter conditions were favourable for rye in Priekuïi and Stende. During the growth period from April to August, temperature was generally close to the average, but precipitation exceeded the long-term average in both trial sites.
RESULTS
The spectrum of rye diseases and their severity varied depending on year, trial site and cultivar during the investigations are shown in Figure 1 .
Leaf scald (caused by Rhynchosporium graminicola) was the most important disease during the study in both trail sites. Significant severity of mildew (caused by Blumeria graminis) was observed only in Priekuïi, 2012. The severity of brown rust (caused by Puccinia recondita) varied among years and sites. Leaf blotch, caused by Septoria spp. was observed only in some cases, and the severity of this disease did not reach 1%. Stem rust caused by Puccinia graminis was observed only in 2010, in both trial sites. The severity of this disease was 3-10% depending on the trial.
The most significant disease development was observed for cultivar 'Kaupo' (Fig. 2) , which was sown in both sites and in all years of investigations.
The first symptoms of leaf scald were observed at the beginning of stem elongation, and disease incidence and severity gradually increased during the vegetation season. Leaf rust infection occurred only after flowering of rye, i. e. last days of May or first days of June.
During the investigation period, 2009 was the only year in which using the DSS approach, application of fungicides was not recommended in Priekuli, as the summer was dry. In other years, treatments were conducted at the same time as standard treatment (S) or later ( Table 2) .
Total impact of diseases during the whole vegetation season can be demonstrated by the values of AUDPC. The highest pressure of diseases was observed in 2010 and 2012 (total values of AUDPC exceeded 600-800 units). In 2009 and 2011, this indicator was only 230 units (specific data depending on diseases and cultivars are not shown in this paper)
. The values of AUDPC demonstrated the effect of fungicides on disease development, as application of fungicides decreased disease development in all cases. Differences between untreated and treated plots were more distinct when pressure of diseases was higher, which was especially pronounced in Priekuïi, in 2010 (Fig. 3) . Efficacy of DSS appeared to be similar with that of the standard treatment.
In general, high yield levels were achieved during the study: yields in control variants varied from 2.2 to 8.5 t ha -1 . The lowest yields were observed in 2010 due to the high incidence of snow mould that year. On average, hybrids were more productive than 'Kaupo'.
Application of fungicides increased yield by 8% on average, but additional yield was not achieved in each case. Differ- ences in yield were significant in only nine trials of 16. In seven trials, significance of differences in yield was not observed (F fact < F crit ). The effectiveness of fungicide treatment schemes is reflected in Figs. 4 and 5 (results of trials with insignificant differences in yield are not shown).
Treatments according to the DSS recommendations did not prove to be more effective than standard treatment; the differences were insignificant in most of cases (Figs. 4 and 5) .
Recommendations made according to DSS were incorrect in Priekuïi in 2009 (fungicide was not used) and in Stende in 2012 (too late fungicide treatment).
DISCUSSION
The spectrum of rye diseases observed during our study was similar ot that in other European countries, excepting occurrence and harmfulness of mildew. Although mildew is one of the most wide-spread rye diseases, in our investigations its severity did not reach even 10% in most of the trials. The highest severity was observed for the cultivar 'Kaupo' in Priekuïi, 2012 (Fig. 1) . Differences in resistance against mildew among the cultivars were not apparent; development of the disease was determined by year and site of trial. It is difficult to explain the different levels of mildew among the trials, as meteorological conditions were favourable for disease development also in all years, not only 2012. In our opinion, the possible reason for this is the structure of the population of the causal agent.
Brown rust proved to be one of the more important diseases in Latvia. The same situation has been observed in Estonia (Lõiveke, 1997; Tupits and Sooväli, 2010), Poland (Szemplinski and Dubis, 2005) and Germany (Miedaner and Sperling, 1995) . In our study, severity of rust varied between 0.5-73.8% at the growth stage 70-71. The highest level of the disease (severity exceeded 65%) was observed in 2010, when the summer was warmer compared with the long-term average.
Brown rust epidemic started only after flowering in Latvia, which is the reason why leaf scald is potentially more harmful due to its earlier development. It has been observed in Estonia that brown rust infection starts at the end of May or early in June (Lõiveke, 1997) , which agrees with the results obtained in our investigations. Similar results have been obtained by Miedaner and Sperling (1995) in Germany: natural leaf rust epidemics start at the time of ripening, and the first symptoms are observed at flowering. The results obtained in different countries indicate that the critical period of leaf rust development is the period after flowering.
In our investigations severity of brown rust differed depending on the cultivar, but clear differences were not found. Similar conclusions were made in Finland, where contradictory results were obtained (Serenius et al., 2005) .
Stem rust was not found to be an important disease in our study, but it is a potentially very harmful disease and therefore its distribution should be evaluated very carefully.
Different researchers have reported inconsistent results on the harmfulness of leaf scald. Scientists from Poland have described only insignificant yield losses caused by R. graminicola (Szemplinski and Dubis, 2005) , but in Germany it is one of the most harmful diseases (Werres and Hindorf, 1993) . Our research suggests that leaf scald is the most important rye disease in Latvia, as this disease was observed each year and in both trial sites. It is important to note that the first symptoms of leaf scald were found early in the vegetation season, at the stage of stem elongation. Values of the leaf scald AUDPC were higher than those of other diseases in most cases.
Calculation of AUDPC is suitable for evaluation of disease impact on plants and a medium to high correlation has been found between AUDPC value and the relative yield of rye (Miedaner and Sperling, 1995) . The largest total AUDPC (sum of the AUDPC of leaf rust, leaf scald and mildew) was noted in 2010, when the highest relative additional yield was obtained by application of fungicides; the yield increase was 13-21%.
Several studies have been carried out to clarify efficiency of fungicide applications. Researchers from Lithuania obtained an additional yield of 0.38-0.40 t ha -1 by fungicide application (Smatas and Gaurilcikiene, 2005) . In Germany, use of fungicides provided 0.8-0.9 t ha -1 of additional yield, when yield without fungicides application was about 4.7-6.6 t ha -1 (Werres and Hindorf, 1993) . In our study, additional yield fluctuated depending on year and site, and on average reached 0.45 t ha -1 . According to data of Werres and Hindorf (1993) prophylactic treatment at the stage of tillering and at the end of heading is economically ineffective, and the best time of fungicide treatment is when severity of leaf scald reaches 2.5% on the third leaf. In our study, the threshold for fungicide application was 30% leaf scald incidence; however, this was shown to be too high and application of fungicide is required earlier.
The need for fungicide application in rye sowings is disputable under conditions of Latvia. It is necessary to calculate the potential price of rye grain and expenses of fungicide treatment. Fungicide might be necessary if sowings have good density and potential yield is high, and early appearance of leaf scald symptoms is a reason to decide to spray fungicides.
Efficiency of fungicide treatment depended on the pressure of diseases, especially on the severity and time of leaf scald infection. Average additional yield was 8%, but was not obtained in all cases. Number of rainy days (more than seven, starting from GS 31) is not a sufficient threshold for the control of rye diseases, and it is necessary to conduct assessment of each disease in each field. Fungicide application might be necessary if symptoms of leaf scald after beginning of stem elongation (GS 31-32) appear on the youngest leaves and/or infection of other diseases starts before flowering.
